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Description 

METHOD AND SYSTEM OF REQUESTING 
ENGINE ON/OFF STATE IN HYBRID 
ELECTRIC VEHICLE 

Background of Invention 
[0001] i. Field of the Invention 

[0002] The invention relates to hybrid electric vehicles and more 
particularly to a strategy for requesting an engine ON or 
OFF state based on the condition of the vehicle battery. 

[0003] 2. Background Art 

[0004] The need to reduce fossil fuel consumption and pollutants 
from automobiles and other vehicles powered by internal 
combustion engines (ICEs) is well known. Vehicles pow- 
ered by electric motors have attempted to address these 
needs. However, electric vehicles have limited range and 
limited power coupled with the substantial time needed to 
recharge their batteries. An alternative solution is to com- 
bine both an ICE and an electric traction motor into one 



vehicle. Such vehicles are typically called hybrid electric 
vehicles (HEV's). 

[0005] The HEV has been described in a variety of configurations. 
Some HEV systems require the operator to select between 
electric and internal combustion engine operation. In 
other configurations the electric motor drives one set of 
wheels and the ICE drives a different set. Other, more 
useful, configurations have developed. A series hybrid 
electric vehicle (SHEV) is a vehicle with an engine (most 
typically an ICE), which powers a generator. The genera- 
tor, in turn, provides electricity for a battery and motor 
coupled to the drive wheels of the vehicle. There is no 
mechanical connection between the engine and the drive 
wheels. A parallel hybrid electrical vehicle (PHEV) is a ve- 
hicle with an engine (most typically an ICE), battery, and 
electric motor combined to provide torque to power the 
wheels of the vehicle. A parallel/series hybrid electric ve- 
hicle (PSHEV) has characteristics of both the PHEV and the 
SHEV. The PSHEV is also known as a torque (or power) 
splitting powertrain configuration. Here, the torque output 
of the engine is given in part to the drive wheels and in 
part to an electrical generator. The generator powers a 
battery and motor that also provide torque output. In this 



configuration, torque output can come from either source 
or both simultaneously. The vehicle braking system can 
also deliver torque to drive the generator to charge the 
battery (regenerative braking). 
[0006] a desirable result of combining the ICE with an electric 
motor is that the ICE's fuel consumption and pollutants 
are reduced with no appreciable loss of performance or 
vehicle range. On of the benefit of the parallel HEV con- 
figurations is that the engine can be turned off during pe- 
riods of low or no power demand from the driver (e.g., 
waiting for a traffic light) which improves fuel economy by 
eliminating wasted fuel used during idle conditions. The 
motor can then be used primarily to propel the vehicle 
under conditions of low power demand. In some configu- 
rations, the engine can be disconnected from the motor 
and powertrain when it is not running by opening a dis- 
connect clutch. As power demand increases, the engine 
can be restarted and reconnected to provide the re- 
quested torque. 

[0007] The two power sources in a PSHEV work together seam- 
lessly with a common gear system to meet the driver de- 
mand for power without exceeding the power limits of the 
powertrain, including the limits of the battery subsystem. 



A vehicle system controller performs the coordination 
function in this split power powertrain. Under normal op- 
erating conditions, the vehicle system controller interprets 
the driver's demand for power as a function of accelera- 
tion or deceleration demand. It then determines when and 
how much torque each power source needs to provide to 
the transmission to meet the driver's power demand and 
to achieve specified vehicle performance (i.e., engine fuel 
economy, emission quality, driveability, etc.). The vehicle 
system controller determines the operating point of the 
engine torque and speed relationship. 
[0008] | n a hybrid electric vehicle with engine start/stop capabil- 
ity the battery may limit the maximum discharge power 
for various reasons. For example if the battery discharge 
limit becomes too low there may not be enough battery 
power available to start the engine. Also, when the vehicle 
is in reverse, the generator operates at a higher speed. 
Under such circumstances more battery power is required 
in order to start the engine. 
Summary of Invention 

[0009] | n accordance with the present invention a method and 
system of engine start/stop control for a HEV is provided 
that monitors the battery and requests a specific engine 



state based on the present state of the engine and a pa- 
rameter of the battery. In one embodiment of the inven- 
tion, the parameter is battery discharge power limit (DPL) 
and is computed in real-time as a function of battery state 
of charge (SOC), battery resistance, battery temperature, 
battery voltage, battery OCV, and battery life. Battery dis- 
charge power limit is the amount of power that can be 
used from the battery. Thus, if the battery discharge 
power limit is 10 kilowatts, the vehicle is allowed to use 
10 kilowatts. In another embodiment, the parameter bat- 
tery SOC is monitored as a proxy for battery discharge 
power limit on the assumption that battery discharge 
power limit will decrease with a decrease in battery SOC . 
In both embodiments the battery parameter is compared 
with a set of threshold levels including a MIN level, an ON 
level, and an OFF level and the result of the comparison 
provides inputs to a state machine. Preferably, different 
sets of threshold levels are provided depending upon 
whether the HEV transmission is in a drive position or a 
reverse position to account for the higher battery power 
need to start the engine while in reverse. 
[0010] if the battery discharge power limit drops below a certain 
level it may be necessary to start the engine in order to 



charge the battery since otherwise it may not be possible 
to start the engine at all. However, under many circum- 
stances it may be desirable to charge the battery but not 
so critical as in the above example. Under these circum- 
stances it is desirable to wait and see if the engine is 
started for other reasons such as driver demand being 
greater than can be supplied by the battery capability. If 
the engine is running it may be desirable to inhibit the 
shutting down of the engine so that the battery can be re- 
turned to a high SOC or high discharge power limit. This 
"wait and see" strategy or opportunistic mode of opera- 
tion is incorporated in the present invention and has the 
effect of reducing engine cycling thereby increasing fuel 
economy while ensuring that the battery will always have 
enough energy to spin the engine to it's desired speed 
when the engine is not making positive torque (such as 
during start-stop). 
[001 1] other objects and features of the present invention will 
become apparent when viewed in light of the following 
detailed description of a preferred embodiment when 
taken in conjunction with the attached drawings and ap- 
pended claims. 
Brief Description of Drawings 



[0012] Figure 1 is a schematic representation of a parallel/series 
powertrain system configuration incorporating the fea- 
tures of the invention; 

[0013] Figure 2 is a state diagram using battery discharge power 
level relative to a set of threshold levels for initiating 
changes in the condition of a state machine implementa- 
tion of the invention; 

[0014] Figure 3 shows the relative positions of the threshold lev- 
els used in the present invention for drive and reverse 
transmission positions respectively; and 

[0015] Figure 4 is a state diagram using battery SOC relative to a 
set of threshold levels for initiating changes in the condi- 
tion of a state machine implementation of the invention. 
Detailed Description 

[0016] Referring now to the drawings and initially to Figure 1, a 
hybrid electric vehicle is generally depicted at 10 and in- 
cludes a powertrain that may be any of the well known 
HEV configurations. One example is the PSHEV configura- 
tion shown and described in United States Patent Applica- 
tion S.N. 10/248,886 filed February 27, 2003, assigned to 
the assignee of the present invention and incorporated 
herein by reference. The powertrain includes a transmis- 
sion 12 that is coupled to an internal combustion engine 



14 and a high voltage battery 16 that act as power inputs 
sources. It will be understood that the source 14 is illus- 
trated as an internal combustion engine but other sources 
such as a fuel cell system may be used as is known in the 
art. Likewise, the source 16 is illustrated as a battery but 
other sources such as an ultra capacitor may be used as is 
known in the art. A torque output shaft 18 of the trans- 
mission 12 is drivably connected to vehicle traction 
wheels 20 through a differential and axle mechanism 22. 
Of course, the present invention is also applicable to four 
wheel drive systems in which all of the wheels 22 are 
driven. 

[0017] a vehicle system controller generally designated 24 such 
as disclosed in the aforementioned application, interprets 
the driver demand for power and determines when and 
how much torque each power input source needs to pro- 
vide to the transmission to meet the driver power demand 
and to achieve specified vehicle performance. In accor- 
dance with the present invention the controller 24 further 
includes a battery controller 26 that responds to battery 
sensor inputs and provides outputs such as battery SOC 
and battery DPL to a state machine implementing an en- 
gine ON/OFF request algorithm indicated at 28 that is de- 



scribed in greater detail hereinafter. An engine ON/OFF 
arbitrator 30 receives requests from the state machine as 
well as from various other sources and issues an engine 
ON/OFF command based on a priority scheme that evalu- 
ates the various requests. 
[0018] Referring now to Figure 2, a flow chart of the operation of 
the engine ON/OFF request algorithm as a function of the 
battery DPL is shown. The state machine has three states, 
namely ON, OFF and OPPORTUNISTIC as indicated by the 
numerals 32, 34 and 36 respectively. In the ON state 32 
the machine makes a request to the arbitrator 30 that the 
engine be turned on. In the OFF state 34 the machine 
makes a request to the arbitration that the engine be 
turned off or alternatively the request may be that it is OK 
to turn the engine off. In the OPPORTUNISTIC state 36 the 
machine makes a request to the arbitrator 30 that the en- 
gine be kept on if the engine is already on. If the engine is 
off and the machine is in the OPPORTUNISTIC state 36 
then a DON'T CARE request is made to the arbitrator 30. 
Transition between the various states of the machine is 
dependent on the value of the DPL of the battery relative 
to three threshold levels and the present state of the ma- 
chine. The three threshold level and their relative posi- 



tions is shown in Figure 3. The three threshold levels are 
denominated as MINI, ON, and OFF. The MIN and OFF lev- 
els are respectively below and above the ON level. 

[0019] The set of threshold levels shown solid lines in Figure 3, 
represent calibratable values of DPL when the vehicle 
transmission is in drive position while the set of threshold 
levels shown in dotted lines represent such values when 
the vehicle transmission is in reverse position. The re- 
spective levels of the threshold values for reverse trans- 
mission position are greater than the corresponding val- 
ues for drive transmission position to accommodate the 
higher DPL or SOC required in the reverse position. The 
three threshold levels are calibratable and their values de- 
pend upon the energy storage device being used and the 
vehicle configuration. For example, a 10 kWatt battery 
may need set points of 2, 4, 6 for the MIN, ON and OFF 
levels respectively whereas a 50 kWatt battery may need 
set points as 30, 35, 40. For battery SOC, the numbers 
would be in percentage terms. For battery DPL, the num- 
bers would be in terms of power. 

[0020] Returning to Figure 2, and assuming that the machine is 
in the OFF state 34, if the DPL is greater than the ON 
threshold level then the state of the machine remains in 



the OFF state 34 as indicated by the NO path from the de- 
cision block 38. In the OFF state the state machine makes 
a request to the arbitrator 30 that the engine be turned 
off. On the other hand, if the machine is in the OFF state 
and the DPL is less than the ON threshold level then the 
machine transition from the OFF state to the OPPOR- 
TUNISTIC state 36 as indicated by the YES path from the 
decision block 38. 

[0021] |f t he state machine is in the ON state 32 and the DPL is 

less than the ON threshold level then the machine remains 
in the ON state 32 as indicated by the NO path from the 
decision block 40. On the other hand, if the DPL is greater 
than the ON threshold level then the machine transition 
from the ON state 32 to the OPPORTUNISTIC state 36 as 
indicated by the YES path from the decision block 40. 

[0022] if while the machine is in the OPPORTUNISTIC state, the 
DPL drops below the MIN level, the machine transitions 
from the OPPORTUNISTIC state 36 to the ON state 32 and 
a request is made to the arbitrator 30 that the engine be 
turned on as indicated by the YES path from the decision 
block 42. If instead the DPL is greater than the MIN level , 
as indicated by the NO path from the decision block 42, 
and the DPL is greater than the OFF level, the machine 



transitions to the OFF state as indicated by the YES path 
from the decision block 44 and a request is made to the 
arbitrator 30 that the engine be turned off. If the DPL is 
greater than the MIN threshold level but less than the OFF 
threshold level as indicated by the NO path from the deci- 
sion block 44 then the machine remains in the OPPOR- 
TUNISTIC state 36. 
[0023] | n Figure 4 the operation of the state machine in response 
to changes in battery SOC is shown and follows the same 
data flow as in Figure 2. The blocks in the flowchart of 
Figure 4 corresponding to those in Figure 2 are desig- 
nated with prime numbers. Accordingly, the machine re- 
mains in the ON state and requests that the engine be 
turned on as long as the SOC is less than the ON level. 
The machine transitions from the ON state to the OPPOR- 
TUNISTIC state if the SOC exceeds the ON level. Likewise, 
the machine remains in the OFF state and requests that 
the engine be turned off as long as the SOC is greater 
than the ON level. The machine transitions from the OFF 
state to the OPPORTUNISTIC state if the SOC drops below 
the ON level. The machine will remain in the OPPOR- 
TUNISTIC state as long as the SOC is greater than the MIN 
level but less than the OFF level and will transition from 



the OPPORTUNISTIC state to the ON state if the SOC ex- 
ceeds the OFF level. 
[0024] it w j|| De apparent to those skilled in the art that modifi- 
cations may be made to the embodiment of the disclosed 
invention without departing from the scope of the inven- 
tion. All such modifications and equivalents thereof are 
intended to be covered by the following claims. 



